Excretion of infused sodium, chloride, and water increased proportionately in patients with progressively more severe grades of hypertension and of increased renal vascular resistance. These relationships held so long as renal plasma flow and glomerular filtration rate were not greatly impaired. The abnormality was characterized by increased renal tubular rejection of sodium, chloride and water.
T HAT most hypertensive patients excrete more water, sodium, and chloride than do normotensive patients when given sodium chloride has been well established since the studies of Farnsworth and Barker. [1] [2] [3] They pointed out that during diuresis a higher percentage of filtered chloride is excreted by hypertensive individuals. Green, Wedell, Wald, and Learned4 found water and sodium excretion to be directly related to blood pressure when water and sodium were administered. Using osmotic loading, Brodsky and Graubarth5 demonstrated a 2 to 21/2 times greater sodium chloride excretion in hypertensive than in normotensive patients. Birchall , Tuthill, Jacobs, Trautman, and Findley6 found a lack of antidiuretic response following hypertonic sodium chloride administration during water diuresis in hypertensive patients which they concluded was not due to a reduction in the release of antidiuretic hormone. Thompson , Silva, Kinsey, and Smithwick7 showed that hypertensive patients reject a higher proportion of infused sodium than do normotensive patients and that sodium excretion roughly correlates with the mean arterial blood pressure. Studies by Green and From the Department of Internal Medicine, Uni- versity of Michigan Medical School, Ann Arbor, Mich. Supported in part by grant H-1715 from the National Heart Institute, U. S. Public Health Service, and by grants from the Michigan Heart Association and the American Heart Association.
Ellis8 also revealed that sodium output correlated with blood pressure. Both basal sodium excretion and excretion under sodium chloride load were higher in hypertensive than in normotensive individuals. Green, Johnson, Bridges, and liehmann9 classified hypertensive patients as " high salt-exeretors " and " normal salt-exeretors. " High salt-exeretors had an elevated output of salt and water, both under basal conditions and under load, an increased salt appetite, nearly normal glomerular filtration rate maintained in the face of reduced renal plasma flow, and a normal cardiac output. Normal salt-excretors had a normal output of salt and water, both under basal conditions and under load, a normal salt appetite, a marked decrease in glomerular filtration rate and renal plasma flow, and a normal cardiac output. It was suggested that sodium output correlated with the filtration fraction. These findings were interpreted as an indication that "high salt-exeretors" represent an earlier stage of hypertensive disease, whereas "normal salt-exeretors" represent a later stage.
The present investigation was undertaken to determine: (1) if these abnormalities of water and electrolyte excretion are present in mild hypertension before there is impairment of renal plasma flow or whether they are secondary to hemodynamic dysfunction of the kidneys; (2) if the increased water and sodium chloride excretion found in hypertensive individuals under load is related to an in- figure 1 , it can be seen that the mean blood pressure of periods [1] [2] [3] , Pv arbitrarily equals 10 mm. Hg, and Q (the renal blood flow) equals the mean CPAH of periods [1] [2] [3] (expressed as ml./sec.) divided by 1 minus the mean hematocrit values of periods 1-3. EPAH arbitrarily taken to be unity. CNa of overnight periods calculated from the 12 hour urine volume and sodium concentration and the plasma sodium concentration just prior to the clearance infusion. renal plasma flow of the normotensive and the mildly hypertensive groups was normal; in the moderately severely hypertensive group it was at the lower limit of normality; in the severely hypertensive group it was reduced by 50 per cent. The mean glomerular filtration rate of the latter group was decreased to 60 per cent of normal. Other groups had normal filtration rates. There was no change in blood pressure or renal hemodynamics under load except in one normotensive indivi- (table 2) .
The rate of urine flow in the pre-load period as well as the flow under load paralleled the mean arterial blood pressure in those groups with normal renal plasma flow and glomerular filtration rate. The mean urine flow during the pre-load period of the moderately severely hypertensive group was 3 times as high as that of the normotensive group. It should be noted that the pre-load period followed a priming infusion and was concurrent with a sustaining infusion containing inulin and para-aminohippurate in 0.9 per cent sodium chloride solution.
Despite scattering of individual values, differences in sodium clearance between normotensive, mildly, and moderately severely hypertensive individuals were quite apparent in the pre-load and load periods ( fig. 2) . The sodium clearance values of severely hypertensive patients exhibited a marked dissociation. Under loading conditions, 3 individuals followed the pattern of the moderately severely hypertensive group and 2 were slightly below the normal range. figure 5 , it is demonstrated that the per cent of the filtered sodium which is excreted (sodium clearance divided by the inulin clearance) shows the same relationships as did the sodium clearance itself ( fig. 2) .
There was no correlation between sodium clearance and the clearance of inulin or paraaminohippurate. There was some correlation between sodium clearance and the calculated renal resistance and the filtration fraction. Figure 6 shows that the sodium clearance in hypertensive individuals parallels arterial blood pressure up to a critical renal resistance ranging from 12,000 to 16,000 dynes-sec.-cm. -5, beyond which it declines with increasing renal resistance. The chloride excretion followed the pattern of sodium; the potassium principally the one of water (table 2) .
Because the number of individuals in each group was small, an analysis of variance is presented in table 3. This may be interpreted as follows: 1. Individuals (groups ignored) differ significantly in mean urine volume and sodium, potassium, and chloride clearances. and chloride clearances. 3. Individuals within a group are not homogeneous. 4. The variation between groups is significantly greater than the variation within groups for the mean urine volume and sodium clearance (and for chloride clearance also if group IV is eliminated from the analysis) . This must be viewed as an approximate test because of the known heterogeneity within groups.
DISCUSSION
These studies confirm the observations of others that most hypertensive individuals excrete more sodium, chloride, potassium, and water when loaded with sodium chloride than do normotensive individuals. There is a direct relationship between sodium clearance and mean arterial blood pressure as long as the renal plasma flow and glomerular filtration rate are normal. This correlation ap- peared to be present in the resting state, was clearly evident in the pre-load period and was improved by loading. The priming and sustaining infusions, both of which contained 0.9 per cent sodium chloride, might be considered in themselves to constitute a sodium chloride load. Under these load conditions, hypertensive individuals with normal renal function apparently excrete a higher percentage of filtered sodium than do normotensive subjects.
The overnight urine samples brought in by the patients are not as accurately collected as those during the renal excretory measurements and clearance values in the overnight "basal" state are obviously subject to considerable error. There was a slight elevation in the average basal excretion of sodium in the hypertensive patients. This tends to confirm the report of Green and When the patients studied here were examined according to the criteria of Green, Johnson, Bridges, and Lehmann,9 the "high saltexcretors" were found to belong to the groups with mild and moderately severe hypertension whereas the "normal salt-exeretors" were in the group having severe hypertension. Such a simple classification therefore does not adequately describe these relationships in these patients since there was a progressively increasing salt excretion with increasing blood pressure until impairment of renal function became prominent.
The decreased sodium clearance of the severely hypertensive group is primarily due to reduction of filtered load. However, in the limited number of severely hypertensive cases studied, there did not appear to be a definite correlation between the filtration rate and the per cent of the filtered load of sodium and chloride excreted. Increased tubular reabsorption or decreased tubular rejection of sodium and chloride may have been an addi-tional factor in the 2 severely hypertensive patients who retained a greater proportion of the administered load.
SUMMARY
The renal hemodynamic and excretory responses to an intravenous load of 2.5 per cent sodium chloride were studied in 15 patients with essential hypertension and in 5 normal subjects, all on comparable salt intakes for 3 weeks prior to testing. Para-aminohippurate and inulin clearances did not change under load.
Sodium and chloride clearances and water excretion following this load were proportional to the degree of blood pressure elevation and to the increase in renal resistance except in 3 instances in which renal plasma flow and glomerular filtration rate were greatly reduced.
No measurable increases in glomerular filtration rate and only slight increases in plasma sodium concentration, which were of similar magnitude in all groups, were observed during the sodium chloride loading. The hypertensive patient appeared to reject a greater portion of the filtered load of sodium chloride and water.
This alteration in electrolyte excretion in essential hypertension apparently is not related to renal plasma flow or glomerular filtration rate, but parallels blood pressure and renal resistance up to the point of a severe reduction in renal hemodynamic function.
